WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCIQ 



(51) Internatiomli Patent Classification 7 : 

C08F 220/26, 226/04, 220/56, D21H 
17/33, C08F 8/00 



Al 



(11) InternaUonal Publication Number: WO 00/43428 

(43) International Publication Date: 27 July 2000 (27.07.00) 



(21) International Application Number: PCrr/USOO/01617 

(22) International Filing Date: 25 January 2000 (25.01 .00) 



(30) Priority Data: 

60/117,165 
09/449,260 



25 January 1999(25.01.99) US 
24 November 1 999 (24. 1 1 .99) US 



(71) Applicant: KIMBERLY-CLARK WORLDWIDE, INC. 

[US/US]; 401 N. Lake Street, Neenah, WI 54956 (US). 

(72) Inventors: SCHROEDER, Wen, Zyo; 3120 West Capitol 

Drive, Appleton, WI 54914 (US). CLARAHAN, Daniel. 
Arthur; 1642 Wayside Road, Greenleaf. WI 54126 (US). 
GOULET, Mike, Thomas; W7454Ridgeside Drive. Neenah, 
WI 54956 (US). SHANNON, Thomas, Gerard; 1604 
Meadowbreeze Circle, Neenah, WI 54956 (US). 

(74) Agents: CROFT, Gregory. E. et al.; Kimberly-Clark World- 
wide. Inc.. 401 N. Uke St.. Neenah, WI 54956 (US). 



(81) Designated States: AE, AL. AM, AT, AU, AZ. BA, BB, BG, 
BR. BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, Fl, GB, GD. GE, GH, GM, HR. HU, ID, IL, IN, IS, JP, 
KE. KG. KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA. 
MD, MG. MK, MN. MW, MX. NO. NZ. PL. PT, RO, RU. 
SD. SE. SG. SI, SK, SL, TJ. TM, TR. TT. TZ. UA. UG. 
UZ, VN, YU, ZA. ZW, ARIPO patent (GH, GM, KE, LS. 
MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM. AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, CY. DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC. 
NL, PT. SE), OAPI patent (BP, BJ, CF. CG, CI, CM, GA, 
GN. GW. ML. MR. NE. SN, TD. TG), 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: MODIFIED VINYL POLYMERS CONTAINING AMPHIPHILIC HYDROCARBON MOIETIES 



(57) Abstract 

Synthetic polymers having moieties capable of covalent or hydrogen bonding to cellulose and one or more amphiphilic moieties are 
disclosed. These polymers are capable of providing two distinct properties to paper products, such as tissues, which properties heretofore 
have been imparted through the use of at least two different molecules. The backbone of these synthetic polymers is based on modified 
vinyl polymers, such as polyvinyl alcohol, polyacry lam ides and polyacrylic acids. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgiuin 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazaksuui 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Luda 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Shigapore 







wo 00/43428 FCT/USOO/01617 

MODIFIED VINYL POLYMERS CONTAINING AMPHIPHILIC HYDROCARBON MOIETIES 



Background of the Invention 
In the manufacture of paper products, such as facial tissue, bath tissue, paper towels, 
dinner napkins and the like, a wide variety of product properties are imparted to the final 
product through the use of chemical additives. Examples of such additives include softeners, 
debonders, wet strength agents, dry strength agents, sizing agents, opacifiers and the like. In 
5 many instances, more than one chemical additive is added to the product at some point in the 
manufacturing process. Unfortunately, there are instances where certain chemical additives 
may not be compatible with each other or may be detrimental to the efficiency of the 
papemnaking process, such as can be the case with the effect of wet end chemicals on the 
downstream efficiency of creping adhesives. Another limitation, which is associated with wet 
10 end chemical addition, is the limited availability of adequate bonding sites on the papermaking 
fibers to which the chemicals can attach themselves. Under such circumstances, more than 
one chemical functionality compete for the limited available bonding sites, oftentimes resulting 
in the insufficient retention of one or both chemicals on the fibers. 

Therefore, there is a need for a means of applying more than one chemical 
15 functionality to a paper web which mitigates the limitations created by limited number of 
bonding sites. 

Summarv of the Invention 
In certain instances, two or more chemical functionalities can be combined into a 

20 single molecule, such that the combined molecule imparts at least two distinct product 
properties to the final paper product that heretofore have been imparted through the use 
of two or more different molecules. More specifically, synthetic polymers, which are commonly 
used in the paper industry as dry strength resins, wet strength resins and retention aids, can 
be combined into a single molecule with amphiphilic hydrocarbons which are utilized in the 

25 paper industry as surface modifiers, release agents, antifoams, softeners, debonders and 
lubricants. The resulting molecule Is a synthetic polymer having moieties capable of bonding 
to cellulose and amphiphilic hydrocarbon moieties which can provide several potential 
benefits, depending on the specific combination employed, including: strength aids that impart 
softness; softeners that do not reduce strength; wet strength with Improved wet/dry strength 

30 ratio; surface feel modifiers with reduced linting and sloughing; strength aids with controlled 
absorbency; retention aids that soften; and improved retention of the amphiphilic hydrocarbon 
when added as a wet end additive. 
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The "synthetic polymers", as described herein, have a portion of their stmcture derived 
from the polymerization of ethylenically unsaturated compounds which contain pendant 
groups that can form hydrogen bonds, ionic bonds or covalent bonds with cellulose molecules 
in fibers, thereby increasing interfiber bonding. They include polyacrylamide. polyvinyl 
alcohol, polyacrylic acid, polymaleic anhydride, polymaleic acid, polyitaconic acid, cationic 
polyacrylamides. anionic polyacrylamides, and the lilce. The synthetic polymers as described 
herein may be water soluble, organic soluble or soluble in mixtures of water and water 
miscible organic compounds. Preferably they are water-soluble or water dispersible but this is 
not a necessity of the invention. Also included within the definition are the salts of the above 
mentioned acidic polymers. Substances which can be combined with the acidic portion of the 
polymers to make the salts include the alkali metals such as Potassium and Sodium usually 
added in form of their hydroxides, the aliphatic amines and alkanoi amines, such salts and 
methods of preparing such salts being well known to those skilled in the art. 

Also as used herein, "amphiphilic hydrocarbon moieties" are organic compounds 
including alkanes. alkenes, alkynes. cyclic aliphatic and aromatic hydrocarbons that contain 
surface-active agents or are capable of acting as a surface active agent The hydrocarbon 
portion of such materials may be linear or branched, saturated or unsaturated, substituted or 
unsubstituted. 

Depending upon the chemical and the desired impact on the paper sheet, the 
synthetic polymers of this invention may be applied to the paper web by any of the means 
known to those skilled in the art. Such means include wet end addition, spray addition on the 
wet web, as a creping chemical sprayed on the Yankee dryer, or as a post treatment addition, 

including spraying, printing or coating. 

Hence in one aspect, the invention resides in a synthetic polymer having moieties 
capable of bonding to cellulose and containing one or more amphiphilic hydrocarbon moieties, 
said synthetic polymer having the following structure: 



where: 
a. b > 0; 

c.d ^ 0 such that c+d > 0; 
w^ 1; 

Qt = a monomer unit or a block or graft copolymer containing a pendant group capable of 
fonning hydrogen or covalent bonds with cellulose. Suitable pendant groups for 
hydrogen bonding are — CONH2, — COOH, —COO" M\ — OH and mixtures of said 
groups. Preferred pendant groups for covalent bonding are aldehydes and 
anhydrides. can be any suitable counter ion including Na*. K*, Ca*^ and the like. 




w 
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Q2 = a block or graft copolymer unit where the amphiphilic functionality is built in. It may be 
alkyi hydrocarbons with hydrophilic (such as -OH. ethoxy, and propoxy groups) 
functionality, or aliphatic hydrocarbons with hydrophiiic functionality. The 
hydrocarbons could be iinear or branched, saturated or unsaturated, substituted or 
5 unsubstituted, with 2 or more hydrocarbons. Qi may take the fonn of -ZrO^Zr where 

Zi is any bridging radical whose purpose is to provide incorporation into the polymer 
backbone and is as defined previously. 

Q3 = a monomer unit or a block or graft copolymer containing a charge functionality. Such 
charge functionality is preferably cationic but may be anionic or amphoteric; and 
10 Q4 = a monomer unit or a block or graft copolymer containing a hydrophlHc moiety, which is 
desirable for making the material into a fomi suitable for papermaking. Q4 may take 
the form of -22-Q4-Z2'- where Z2, Z2' are any bridging radicals, the same or different, 
whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
15 hydrophobicity caused by introduction of the amphiphilic hydrocarbon moieties. 

Examples of suitable Q4 moieties are (but not limited to) the aliphatic polyether 
derivatives of the fomnuia — {(CRiR2)xO]y— R3, wherein Ri. R2 is H or CH3. x > 2. y > 1 
and R3 Is any suitable terminal group including -CH3. -H. -CzHg, -NHj. 

20 It should be appreciated that when the Q3 or other charged moiety is present in the 

synthetic polymer, that a suitable counterion will be necessary. Such counterions may or may 
not be represented in the fonnulas. Where such counterions are not represented in the 
formula it should be understood that such an ion will exist. The specific counterion is not 
critical for the invention, such counterion is only necessary for providing charge balance. For 

25 cationically charged groups the most common anions are those of the halides and alkyI 
sulfates. For anionically charged groups on the polymer the most common counter ions will 
be those of the alkali and alkaline earth metals as well as cationic ammonia and amine 
derivatives. 

30 More specifically, the invention resides in a synthetic polymer having the following 

structure: 



CH2CR2IB— tCH2CR3 fet Q4 



where; 
35 1; 

Ri.Ri\R2.R3 = H.Ci^alkyl; 
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a. b > 0; 

c.d ^ 0 such that c+d > 0; 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a form suitable for papermaking. Q4 may take 
5 the form of -Z2-Q4-Z2'- where Z2. Zg* are any bridging radicals, the same or different, 

whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the amphiphilic moieties. 

Ro = any group capable of fomriing hydrogen or covalent bonds with cellulose. Prefenred 
10 are -CONH2. -COOH. COO'M*, -OH, -CONHCHOHCHO and mixtures of said groups; 

Ai = -H, -COOH; 

R4= Z - Re radical where: 

Z = aryl, -CH2-. -C00-. -CONR'-, -0-, -S-, -OSO2O-, -CONHCO-.-CONHCHOHCHOO- or 
any other radical capable of bridging the Rq group to the vinyl backbone portion of the 
15 molecule. (R' = H, alkyi); 

R6= an amphiphilic hydrocarbon; It may be an alkyI hydrocarbon radical with hydrophilic 
functionality such as -OH. or ethoxy or propoxy groups, or an aliphatic hydrocarbon 
radical with hydrophilic functionality. The hydrocarbons can be linear or branched, 
saturated or unsaturated, substituted or unsubstituted, with 2 or more hydrocarbons. 
20 R5 = Z2-R10-W; 

Z2 = aryl, -CH2-. -C00-, -CONH-, -0-, -S-. -OSOjO-, any radical capable of bridging the Rio 

group to the vinyl backbone portion of the molecule; 
R10 = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more carbons, 

preferably -(CH2CH2}-. -C(CH3)2CH2CH2-; and 
25 W= -N*R iiiRi2iRi3 where Ri^, Ri2> R13 is a 0^^ alkyI group. 

-[CH2CR3R5]c- may also be the residue fornied by co-polymerization with 
dimethyldiallyl ammonium chloride. In this case the charge-containing residue 
[CHzCRaRslc- will be the fomn of monomers with repeat units of structure: 

II 

H2C^^^CH2 

H3C CH3 



30 



In another aspect, the invention resides in a paper sheet, such as a tissue sheet, 
comprising a synthetic polymer having moieties capable of bonding to cellulose and 
containing an amphiphilic hydrocarbon moiety, said polymer having the following structure: 
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where: 

a, b > 0; 

c.d > 0 such that c+d > 0; 

= a monomer unit or a block or graft copolymer containing a pendant group capable of 
fomiing hydrogen or covalent bonds with cellulose. Preferred pendant groups for 
hydrogen bonding are— CONH2. — COOH, —COO" M\ —OH and mixtures of said 
groups. Prefen^ed pendant groups for covalent bonding are aldehydes and 
anhydrides. M* can be any suitable counter ion including Na"", K\ Ca*^ and the like. 

Q2 = a block or graft copolymer unit where the amphiphilic functionality is built in. It may be 
alkyi hydrocarbons with hydrophilic (such as -OH, ethoxy and propoxy groups) 
functionality, or aliphatic hydrocarbons with hydrophilic functionality. The 
hydrocarbons could be linear or branched, saturated or unsaturated, substituted or 
unsubstituted, with 2 or more hydrocarbons. may take the form of -Z^Qi-Z^- where 
Zi is any bridging radical whose purpose is to provide incorporation into the polymer 
backbone and Qi is as defined previously. 

Q3 = a monomer unit or a block or graft copolymer containing a charge functionality. Such 
charge functionality is preferably catlonic but may be anionic or amphoteric; and 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a fonn suitable for papermaking. Q4 may take 
the fomri of -Z2-Q4-Z2'- where Z2, Z2 are any bridging radicals, the same or different, 
whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the amphiphilic hydrocarbon moieties. 
Examples of suitable Q4 moieties are (but not limited to) the aliphatic polyether 
derivatives of the fomiula — l(CRiR2)xO]y— R3, wherein Ri, R2 is H or CH3. x > 2, y > 1 
and R3 is any suitable tenminal group including -CH3, -H. -C2H5. -NH2. 

More specifically, the invention resides in a paper sheet, such as a tissue sheet, 
comprising a synthetic polymer having hydrogen bonding capability and containing an 
amphiphilic hydrocarbon moiety, said polymer having the following structure: 
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— eprcRiir+CH2CR2ir--tCH2CR3 }ct Q4 ia- 

Ai Ro R4 

where: 
1; 

Ri.Ri\R2.R3 = H,Ci^alkyl; 

a.b>0; 

c.d > = 0; 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a fomri suitable for papermaklng. Q4 may take 
the form of -Z2-Q4-Z2'- where Z2, Z2' are any bridging radicals, the same or different, 
whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the amphiphilic moieties. Examples of 
suitable Q4 moieties are (but is not limited to) the aliphatic polyether derivatives of the 
formula — [{CRiR2)xO]y— R3, wherein R^. R2 is H or CH3, x > 2, y > 1 and R3 is any 
suitable temiinal group including -CH3, -H, -C2H5. -NH2; 

Ro = any group capable of fonning hydrogen or covalent bonds with cellulose. Suitable 
groups are -CONH2, -COOH, COO"M\ -OH, -CONHCHOHCHO, and anhydride 
including mixtures of said groups; 

Ai = H. COOH; 

R4= Z-Re radical where: 

Z = aryl, -CH2-. -C00-, -CONR'-. -0-, - S -OSO2O-, -CONHCO-, -CONHCHOHCHOO-or 
any radical capable of bridging the Re group to the vinyl backbone portion of the 
molecule. (R'=-H, alkyi); 

R6= an amphiphilic hydrocarbon radical; It may be an alkyI hydrocarbon radical with 
hydrophilic functionality such as -OH, or ethoxy or propoxy gnDups, or an aliphatic 
hydrocarbon radical with hydrophilic functionality. The hydrocarbons can be linear or 
branched, saturated or unsaturated, substituted or unsubstituted, with 2 or more 
hydrocarbons. 

R5 = Z2-Rio"W; 

Z2 = aryl, -CH2, -COO-, -CONH-, -0-, -S-. -OSOjO- or any radical capable of bridging the 

Rio group to the vinyl backbone portion of the molecule; 
Rio = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more carbons. 

preferably -(CH2CH2)-, -C(GH3)2CH2CH2-; and 
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W = -N*Rii.Ri2,Ri3 where Rn. R12, R13 is a C,^ alkyl group. 



-[CHaCRaRglc- may also be the residue formed by co-polymerization with 
dimethyldiallyl ammonium chloride. In this case the charge-containing residue 
[CHaCRgRslc- will be the fomi of monomers with repeat units of structure: 



CH2- CH — CH- CH2 — 




In another aspect, the invention resides in a method of making a paper sheet, such as 
a tissue sheet, comprising the steps of: (a) forming an aqueous suspension of papermaking 
fibers; (b) depositing the aqueous suspension of papermaking fibers onto a fomiing fabric to 
form a web; and (c) dewatering and drying the web to form a paper sheet, wherein a synthetic 
polymeric additive is added to the aqueous suspension of fibers or to the web, said polymeric 
additive having the following stnjcture: 



where: 

a, b > 0; 

c,d ^ 0 such that c+d > 0; 
w^ 1; 

Qi = a monomer unit or a block or graft copolymer containing a pendant group capable of 
fomfiing hydrogen or covalent bonds with cellulose. Prefen^ed pendant groups for 
hydrogen bonding are — CONH2, — COOH, —COO' M*, —OH and mixtures of said 
groups. Preferred pendant groups for covalent bonding are aldehydes and 
anhydrides. can be any suitable counter ion including Na*, K"", Ca*^ and the like. 

Q2 = a block or graft copolymer unit where the amphiphilic functionality is built in. It may be 
alkyl hydrocariDons with hydrophilic (such as -OH, or ethoxy groups) functionality, or 
aliphatic hydrocarbons with hydrophilic functionality. The hydrocarbons could be 
linear or branched, saturated or unsaturated, substituted or unsubstituted, with 2 or 
more hydrocarbons. Qi may take the form of -Zi-QrZi- where Zi is any bridging 
radical whose purpose is to provide incorporation into the polymer backbone and is 
as defined previously. 




la 
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15 



20 



25 



Q3 = a monomer unit or a block or graft copolymer containing a charge functionality. Such 
charge functionality is preferably cationic but may be anionic or amphoteric; and 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a fonn suitable for papermaking. Q4 may take 
the form of -Zz-Q^Zj - where Z2, Z2 are any bridging radicals, the same or different, 
whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the amphiphilic hydrocarbon moieties. 
Examples of suitable Q4 moieties are (but not limited to) the aliphatic polyether 
derivatives of the formula — [(CRiR2)xO]y — R3, wherein R^, R2 is H or CH3, x > 2, y ^ 1 
and R3 is any suitable terminal group including -CH3, -H, -C2H5, -NHj. 

More specifically, the invention resides in a method of making a paper sheet, such as 
a tissue sheet, comprising the steps of: (a) forming an aqueous suspension of papermaking 
fibers; (b) depositing the aqueous suspension of papermaking fibers onto a forming fabric to 
form a web; and (c) dewatering and drying the web to form a paper sheet, wherein a synthetic 
polymeric additive is added to the aqueous suspension of fibers or to the web, said polymeric 
additive having the following structure: 



where: 

IV ^ 1; 

Ri,Ri',R2, R3 = H, Ci^alkyl; 
a, b > 0; 
c.d > 0; 

04= a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a fonn suitable for papermaking. Q4 may take 
the form of -Z2-Q4-Z2 - where Z2. Z2 are any bridging radicals, the same or different, 
whose purpose is to provide incorporation into the polymer backbone and Q4 is as 
defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the amphiphilic hydrocarbon moieties. 
Examples of suitable Q4 moieties are (but is not limited to) the aliphatic polyether 
derivatives of the formula — l(CRiR2)x01y— R3, wherein R^, R2 is H or CH3, x ^ 2, y ^ 1 
and R3 is any suitable terminal group including -CH3, -H, -C2H5, -NH2; 




wo 00/43428 PCT/USOO/01617 
Ro = any group capable of forming hydrogen or covalent bonds with cellulose. Prefen^ed 

are -CONH2, COOH, COO'. -OH, CONHCHOHCHO, and anhydride including mixtures 

of said groups; 
A,= -H. -COOH; 
5 R4= Z-Re radical where: 

Z = aryl. ^Hr, -C00-, -CONR'-, -0-, -S-, -OSOaO-. -CONHCO-, -CONHCHOHCHOO- or 

any radical capable of bridging the Re group to the vinyl backbone portion of the 

molecule. (R' = H. alkyi); 
R6= an amphiphilic hydrocarbon radical; It may be an alky! hydrocarbon radical with 
10 hydrophilic functionality such as -OH, or ethoxy or propoxy groups, or an aliphatic 

hydrocarbon radical with hydrophilic functionality. The hydrocarbons can be linear or 

branched, saturated or unsaturated, substituted or unsubstituted, with 2 or more 

hydrocarbons. 
R5= Z2-R10-W; 

15 Z2 = aryl, -CHg-. -C00-. -CONH-, -0-. -OSO2O- or any radical capable of bridging the 
Rio group to the vinyl backbone portion of the molecule; 
Rio = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more carbons, 

preferably -(CH2CH2)-. -C(CH3)2CH2CH2-; and 
W = -N* Rii,Ri2.Ri3 where R^^. R12, R13 is a C,^ alkyI group. 
20 -[CHjCRaRslc- rnay also be the residue formed by co-polymerization with 

dimethyldiallyl ammonium chloride. In this case the charge-containing residue 
[CH2CR3R5]c- will be the form of monomers with repeat units of structure: 

" CHo" CH" ~ CH"" CHo" 

^11 



H2C^^^CH2 

H3C CH3 



^ C 



The amount of the modified vinyl polymer containing amphiphilic hydrocarbon moieties 
added to the papennaking fibers can be from about 0.02 to about 4 weight percent, on a dry 
fiber basis, more specifically from about 0.05 to about 3 weight percent, and still more 
30 specifically from about 0.1 to about 2 weight percent. The modified vinyl polymer can be 
added to the fibers at any point in the process where the fibers are suspended in water. 

Methods of making paper products that can benefit from the various aspects of this 
invention are well known to those skilled in the papermaking art. Exemplary patents include 



9 
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U.S. Patent No. 5.785,813 issued July 28.1998 to Smith et al. entitled "Method of Treating a 
Papemiaking Furnish For Making Soft Tissue"; U.S. Patent No. 5,772,845 issued June 30, 
1998 to Farrington, Jr. et al. entitled "Soft Tissue"; U.S. Patent No. 5,746,887 issued May 5, 
1998 to Wendt et al. entitled "Method of Making Soft Tissue Products"; and U.S. Patent No. 
5 5,591 ,306 issued January 7,1997 to Kaun entitled "Method For Making Soft Tissue Using 
Cationic Silicones", all of which are hereby incorporated by reference. 

Detailed Description of the Invention 
To further describe the invention, examples of the synthesis of some of the various 
10 chemical species are given below. 

Vinvl Polvmers 

First with regard to the modified vinyl polymers, they can be made via free radical 
polymerization of vinyl monomers of the form: 



15 



30 



^1^2^ "~ ^f^3f^4 



where Ri, R2, R3. R4 may be H, halogen, alkyi, functional alkyi, aryl, functional aryi. For 
papermaking the polyacrylamides (R4 = — CONH2), polyvinyl alcohols (R4 = — OH), and 

20 polyacrylates (R4 = — COOR', R -H, Me) are the most widely used. 

Of the modified vinyl polymers, polyacrylamides (PAM) are used as dry strength 
additives in addition to their widespread use as drainage and retention aids. They are water 
soluble polymers containing primary amide groups that can form hydrogen bonds with 
cellulose molecules in fibers thereby increasing interfiber bonding. They are synthesized by 

25 the free radical polymerization or photoinitiated polymerization of acrylamide as shown in 
Figure 1. Any free radical initiator or photoinitiator may be used. The polymerization may be 
done via a variety of procedures including solution, bulk, suspension and emulsion 
polymerizations. 



II ^ E-CH2CH fc- 

H2C=CH — \ ■ ^ 2. Jx 



NH2 



Figure 1 

PAMs are nonionic materials and have very little attraction to papermaking fibers. 
Therefore it is necessary to incorporate charged groups into the polymer structure to make it 
35 useful for papermaking. Both anionic and cationic polyacrylamides are known in the art. 

10 
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Anionic polyacrylamides can be produced by : (1) copolymerization of acrylamide with 
acrylic acid; and (2) hydrolysis of some of the amide groups on the polyacrylamide chain. The 
resultant polymer will contain a mixture of acrylamide and acrylic acid groups. Anionic 
polyacrylamides were first produced in the 1950's via copolymerization of acrylamide with 

5 acrylic acid. The acrylic acid groups introduce an ionizable carboxyl group on the polymer 
backbone. Ionization of these carboxyl groups is highly pH dependent where above pH 7 
essentially 100% of the carboxyl groups are ionized. Since anionic polyacrylamides are 
negatively charged they are not directly attracted to the like charged cellulose fibers. A 
cationic substance such as alum must be used in conjunction with them to promote their 

10 retention. 

To avoid the need for a cationic promoter, another approach is to incorporate cationic 
groups directly into the polymer backbone. Having been commercially produced since the late 
1960's these cationically charged polyacrylamides are the most common form of dry strength 
RAM's. Cationic polyacrylamides are produced by copolymerization of acrylamide with 

15 cationic monomers or by modification of some of the amide groups. A typical reaction is 
illustrated in Figure 2 for co-polymerization with Methacryuloyloxyethyl trimethyl ammonium 
methosulfate (METAMS). Typical cationic monomers include: (1) methacryuloyloxyethyl 
trimethyl ammonium methosulfate; (2) dimethyldiallyl ammonium chloride (DMDAAC); (3) 3- 
acryloamido-3-methyl butyl trimethyl ammonium chloride (AMBTAC); (4) trimethylamino 

20 methacrylate; and (5) vinyl benzyl trimethyl ammonium chloride (VBTAC). Such materials 
have structures similar to that shown in Figure 2 for METAMS copolymerized cationic RAM. 

CH3 O ^ iJ 

H2C=C— C-0-CH2-CH2-N(CH3)3 'SO4CH3 + H2C=CHCNH2 



METAMS 



CH3 



fCHjCH], fCHjCly 

O NH2 O 0-CH2CH2-N(CH3)3* -SO4CH3 

Figure 2 

25 The incorporation of cationic groups through modification of non-ionic polyacrylamide 

is most often accomplished via the Mannich reaction as illustrated in Figure 3. Generally 
cationic polyacrylamides will contain from about 5 to about 70% mole percent cationic groups. 

11 
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eCHjCHJr- 



+ HCO +(CH3)2NH 




N(CH3)2 




CH3X 



fCH2CH 

H2C^ + 



N(CH3)3 X 



Figure 3 



Generally dry strength PAMs are supplied as ready td use aqueous solutions or as 
water-soluble powders which must be dissolved prior to use. They may be added to thin or 
thick stock at a point of good mixing for best results. Addition rates of 0.1 % to 0.5% of dry 
fiber typically give best results. High addition rates may cause overcationization of the furnish 
and reduce the effectiveness of other additives. 

When used as dry strength additives usually around 5-10 mole % of the monomers 
will contain charged groups. Unlike the anionic RAM's, cationic RAM's are effectively charged 
across the entire pH range. Typical molecular weights for cationic RAM dry strength aids are 
in the range of 1 0,000 to 500,000. The molecular weight is important so as to be low enough 
to not bridge between particles and cause flocculation, and yet high enough to retard 
migration of the polymer into the pores of the fibers. Such migration would cause a reduction 
in dry strength activity. 

When used as retention aids a broader range of molecular weights and charge 
densities may be employed. Key characteristics of polyacrylamide retention aids include the 
molecular weight, the type of charge, the charge density and the delivery forni. For the 
average molecular weight, the range can be: low (1,000 - 100,000); medium (100,000 - 
1.000,000); high (1,000,000 - 5,000,000); very high (>5,000,000). The charge type can be 
nonionic, cationic, anionic or amphoteric. The charge density can be: low (1 - 10%); medium 
(10 - 40%); high (40 - 80%); or very high (80 - 100%). The delivery form can be either an 
emulsion, an aqueous solution or a dry solid. 

High molecular weight/low charge density flocculants are used most often for retention 
of fine particles in high shear and turbulence environments. Low molecular weight/high 
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charge density products are used for their charge modifying capabilities and for retention in 
low shear environments. 

A second class of charged polyacrylamides that has found widespread use in tissue 
and papermaking is the so-called "glyoxylated" polyacrylamides. Coscia. et ah, U.S. Patent 
3,556,932 assigned to the American Cyanamid Company, describes the preparation and 
properties of glyoxylated polyacrylamides in detail. These polymers are ionic or nonionic 
water-soluble polyvinyl amides, having sufficient glyoxal substituents to be thermosetting. 
Where a cationic charge is employed, the amount of cationic component in the polymers 
should be sufficient to render the polymer substantive to cellulose fibers in aqueous 
suspensions. The amount of cationic charge in these polymers may vary. It may be less than 
10 mole percent or as high as around 50 mole percent. Indeed many commercial versions are 
sold with a charge density of around 5 mole percent. Incorporation of the charge onto the 
polymer backbone can be accomplished through any of the methods known in the art. A 
preferred approach is to incorporate a cationic vinyl monomer with the acrylamide or other 
vinyl monomers during the polymerization of the base polymer. As with the non-glyoxylated 
polyacrylamides, the specific monomer used to introduce the cationic charge onto the 
polyacrylamide is not overly critical and may be chosen from any such monomers known to be 
capable of incorporating a cationic charge into a polyacrylamide backbone. Dimethyldiallyl 
ammonium chloride is an especially preferred monomer for introducing the cationic charge. 
Where substantivity to cellulose fibers in aqueous solution is not required the cationic charge 
moiety may be absent from the polymer backbone. Anionic versions of the polymers may be 
easily prepared from the appropriate raw materials, these anionic polymers capable of being 
deposited on fibers with use of alum or various cationic retention aids. 

The minimum amount of pendant amide groups that need to be reacted with the 
glyoxal for the polymer to be thermosetting is around two mole percent of the total number of 
available amide groups. It is usually preferred to have an even higher degree of reaction so 
as to promote greater wet strength development, although above a certain level additional 
glyoxal provides only minimal wet strength improvement. The optimal ratio of glyoxylated to 
non-glyoxylated acrylamide groups is around 10 to 20 mole percent of the total number of 
amide reactive groups available on the parent polymer. The reaction can be easily carried out 
in dilute solution by stining the glyoxal with the polyacrylamide base polymer at temperatures 
of about 25^C to 100°C at a neutral or slightly alkaline pH. Generally the reaction is run until a 
slight increase in viscosity is noted. The majority of the glyoxal reacts at only one of its 
functionalities yielding the desired aldehyde functional acrylamide. 

The molecular weight of the acrylamide base polymer is not overly critical to the ability 
to react with glyoxal and generally polymers of molecular weight less than two million are 
adequately water soluble and dilutable so as not to not severely hinder reaction capability. In 
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practice, lower molecular weight polymers having a molecular weight less than 25,000 are 
generally preferred due to their lower solution viscosity and ease at which they can be diluted 
in water. Molecular weight and degree of glyoxylation, however, can have an impact on level 
of wet strength development and ability to disperse readily in water. It might be expected that 
certain performance characteristics could be tailored by blending polymers of different 
molecular weights and substitution levels. For example, Dauplaise, et al., U.S. #5,723,022 
discloses the unique performance gained by mixing low and high Mw acrylamides having 
different levels of gtyoxylation. Glyoxylated polyacrylamides are generally delivered as dilute 
aqueous solutions having a solids content of 10% or less. More highly concentrated solutions 
can be prepared but the risk of gel formation occurs as the solids content is increased. Shelf 
life is also reduced at elevated temperatures. 

A structure for a typical cationic glyoxylated polyacrylamide is shown in figure 4. The 
polymer is retained on the fiber by means of the cationic quaternary amine group that is 
attracted to anionic sites on the cellulose. In terms of chemical reactivity, only the amide and 
aldehyde functionalities are reactive. Approximately 2-30 moi% of the entire glyoxylated 
PAM copolymer exists as the active aldehyde group. The pendant amide groups on this 
polymer form hydrogen bonds with cellulose increasing the dry strength of the sheet. The 
aldehyde group can either cross-link with an amide group in another part of the polymer or 
react with a hydroxyl group on cellulose fibers. 

--|f-CH2CH j;[ E CH2CH CH2CH- CHCHjisI 
O^NHa 07 H2C,+.CH2 



OH 
O^H 



Figure 4 

where: 

w^ 1 
X, y, z > 1 

If the aldehyde links with the amide a permanent covalent cross-link is formed which increases 
permanent wet strength. If the aldehyde forms a covalent hemi-acetal bond to the cellulose, 
wet strength is also increased. However, this bond is not permanent and will break when 
immersed in water resulting in temporary instead of permanent wet strength. Hence, Parez is 
normally used to increase dry strength and temporary wet strength, such as is desired for bath 
tissue. 

14 
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Glyoxylated polyacrylamides have many beneficial properties. They increase both the 
wet and dry strength of the paper. Though slightly acidic conditions are preferred, they 
thermoset or "cure" at pH's in the approximate range of 4 - 8 and moderately elevated 
temperatures that are common to most papermaking systems. Since they can be cured over a 
5 broad pH range including neutral pH, precise control of pH is not required in the paper making 
system. The polymers develop the large majority of their wet and dry strength wile passing 
through the drying section of the paper process with sheet temperatures as low as 70^F to 
90°F being adequate. An additional advantage to the glyoxylated polyacrylamides is that they 
possess what is referred to as "temporary wet strength". A portion of the wet strength 

10 developed within the paper web is lost when soaked in water for a moderate period of time. 
This feature allows use of these materials in products such as bath tissue where water break- 
up is a required product attribute. In addition all of the wet strength can be lost rapidly under 
alkaline conditions. This makes these materials very amenable to broke repulping operations 
not requiring additional chemicals or processes which add to overall paper manufacturing 

15 costs. 

Amphiphilic Hydrocarbon Moieties 

Amphiphilic hydrocarbon moieties are a group of surface active agents (surfactants) 
capable of modifying the interface between phases. Surfactants are widely used by the 

20 industry for cleaning (detergency), solubiiizing, dispersing, suspending, emulsifying, wetting 
and foam control. In the papemriaking industry, they are often used for deinking, dispersing 
and foam control. They have an amphiphilic molecular structure containing at least one 
hydrophilic (polar) region and at least one lipophilic (non-polar, hydrophobic) region within the 
same molecule. When placed in a given interface, the hydrophilic end leans toward the polar 

25 phase while the lipophilic end orients itself toward the non-poiar phase. 



Surfactant 



30 Polar Phase 



Nor Polar Phase 



35 



hydrophilic end lipophilic end 
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The hydrophilic end can be added to a hydrophobe synthetically to create the amphiphilic 
molecular structure. Figure 5 shows a possible schematic pathway for making a variety of 
surfactants: 



R-CH2-OH 

or ^ 
R»-CH(OH> - R" - CHj 



Add OH 
functionality 



£thyo34rlaiion 
R-CH2 - (OCiHi)^ - OH < 



sulfon Ltion 



RCH3OSO3H 



carbc xylation 
Y 

RCH2COOH 



R.CH3 



chlori lation 



R-CHbCl 



or 



RCHaSOSH 



Add amphoteric functionality 



RCH2N*(R*)2-R*S03- 



R-CH2rr(R^)3Cf 



Figure 5 

Based on the charge, surfactants can be grouped as amphoteric, anionic, cationic and 
nonionic. 

First with regard to the amphoteric surfactants, the charges on the hydrophilic end 
change with the environmental pH: positive in acidic pH, negative at high pH and become 
zwitterions at the imtermediate pH. Surfactants included in this category include alkylamido 
alky I amines and aikyi substituted amino acids. 

Structure commonly shared by alkylamido alkyl amines: 

RoCONH— (CH2)n-N— (CH2)n~COOZ 
Rl 

where: 
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Ro = a C4 or higher alkyi or aliphatic hydrocarbon, normal or branched, saturated or 
unsaturated, substituted or unsubstituted; 

n >2; 

Ri = hydroxy or carboxy ended alkyI or hydroxyalkyi groups, C chain ^ 2C, with or without 
5 ethoxylation, propoxylation or other substitution; and 

Z = H or other cationic counterion . 

Structure shared commonly by alkyI substituted amino acids: 
10 R^ — NR'sZ 

where: 

R^ = alkyI or aliphatic hydrocarbon, normal or branched, saturated or unsaturated, 
substituted or unsubstituted, C chain ^ 4C; 

15 n ^2; 

Z = H or other cationic counterion; and 
R' = carboxylic end of the amino acid. 

With regard to the anionics, the hydrophilic end of the surfactant molecule is negatively 
20 charged. Anionics consist of five major chemical structures: acylated amino acids/acyl 
peptides, carboxylic acids and salts, sulfonic acid derivatives, sulfuric acid derivatives and 
phosphoric acid derivatives. 

The structure commonly shared by acylated amino acids and acyl peptides is shown as 
follows: 



25 



RoOCO — Ri— COOZ 



or 



30 HOOC — Ri — COOZ 

where: 

Ro = alkyI or aliphatic hydrocarijon, normal or branched, saturated or unsaturated, 
substituted or unsubstituted, 0 chain ^ 40; 
35 Ri = alkyI substituted amino acid moiety; or --{NH-CHX-CO)^— NH-CHX- 
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where n ^ 1, X=amino acid sidechain; or alkyi — NHCOR' where R - aliphatic hydrocarbon, 
normal or branched, saturated or unsaturated, substituted or unsubstltuted, C chain ^ 
4C; and 

Z= H or other cationic counterion. 
5 The stnjcture comnnonly shared by carboxylic acid and salts is shown as follows: 

R-COOZ 

where: 

10 R = all<yi or aliphatic hydrocarbon, normal or branched, saturated or unsaturated, 

substituted or unsubstituted, with or without esterification. with or without etherification, 
C chain ^4C; and 
Z = H or other cationic counterion; 

15 The structure commonly shared by sulfonic acid derivatives is shown as follows: 



RCO — NRi — (CH2)n — SO3 Z 
or 

alkyI aryl — SO3Z 
20 or 

R — SOaZ 
or 

ROOC — (CH2)n — CH SO3 — COOZ 
or 

25 [RCO — NH — (0CH2)n — OOC — CH SO3 — COO] 2Z 

or 

R(OCH2CH2)n — SO3Z 



where 

30 R = alkyI or aliphatic hydrocarbon, nonnal or branched, saturated or unsaturated, 

substituted or unsubstituted. with or without esterification, with or without etherification, 
with or without sulfonation, with or without hydroxylation. C chain ^ 4C; 
Ri = alkyl or hydroxy alky I, C chain ^1C; 
n > 1; 

35 Z = H or other counterion. 
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The structure commonly shared by sulfuric acid derivatives is shown as follows: 



R — OSOgZ 

where 

R = aliphatic hydrocarbon, nomial or branched, saturated or unsaturated, substituted or 
unsubstituted, with or without esterification, with or without etherification, with or 
without sulfonation, with or without hydroxylation, with or without ethoxylation or 
propoxylation, C chain > 4C 

Z = H or other counterion. 

The structure commonly shared by phosphoric acid derivatives is shown as follows: 

R— OPO3Z 

where: 

R = aliphatic hydrocarbon, normal or branched, saturated or unsaturated, substituted or 
unsubstituted, with or without esterification, with or without etherification, with or 
without sulfonation, with or without hydroxylation. with or without ethoxylation or 
propoxylation, C chain ^ 4C; and 

Z = H or other counterion. 

With regard to the cationics, these are surfactants with positively charged atom, most 
commonly nitrogen, on the hydrophobic end. The charge may be permanent and non-pH 
dependent (such as quatemary ammonium compounds) or pH dependent (such as cationic 
amines). They include alkyi substituted ammonium salts, heterocyclic ammonium salts, alkyi 
substituted imidazolinium salts and alkyi amines. 
The structure commonly shared by this group is shown as follows: 

N^R4Z- 

where: 

R = H, alkyi, hydroxyalkyi, ethoxylated and/or propoxylation alkyi, benzyl, or aliphatic 
hydrocarbon, normal or branched, saturated or unsaturated, substituted or 
unsubstituted, with or without esterification, with or without etherification, with or 
without sulfonation. with or without hydroxylation. with or without carboxylation, with or 
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without ethoxylation or propoxylation, C chain ^ 4C, The R groups may be the same 
or different; and 
Z Counterion including hallde, hydroxide, etc. 



5 With regard to the nonionics, in this group the molecule has no charge. The 

hydrophilic end often contains a polyether (polyoxyethylene) or one or more hydroxyl groups. 
They generally include alcohols, alkylphenols. esters, ethers, amine oxides, alkylamines, 
alkylamides, polyalkylene oxide block copolymers. 



10 Modified Vinyl Polymers Containing Amphiphrlic Hydrocarbon iVioieties 

There are several envisioned pathways in which modified vinyl polymers and 
amphiphiiic hydrocarbons can be combined onto a single molecule for purposes of this 
invention. These include, but are not limited to: (1) direct monomer incorporation or 
copolymerization; (2) derivatization of functional groups on the polymer backbone; and (3) 

1 5 block co-polymerization . 



The molar and weight ratios of the various functional groups on the polymer will largely 
depend on the specific application of the material and is not a critical aspect of the invention. 
However, the portion of the synthetic polymer [Qi] capable of forming hydrogen, covalent and 

20 ionic bonds can constitute from about 10 to about 95 mole percent of the total polymer, more 
specifically from about 20 to about 90 mole percent of the total polymer and still more 
specifically from about 30 to about 85 mole percent of the total polymer. The amphiphiiic 
hydrocarbon portion [Q2] of the synthetic polymer can constitute from about 1 to about 90 mole 
percent of the synthetic polymer, more specifically from about 2 to about 80 mole percent of 

25 the synthetic polymer and still more specifically from about 3 to about 70 mole percent of the 
synthetic polymer The charge containing portion [Q3] of the synthetic polymer can be 
comprised of monomer units constituting from 0 to about 80 mole percent of the total monomer 
units in the synthetic polymer, more specifically from 0 to about 30 mole percent and still more 
specifically from about 2 to about 20 mole percent. The [QJ functionality will be comprised of 

30 monomer units constituting from 0 to about 80 mole percent of the total monomer units in the 
synthetic polymer, more specifically from 0 to about 40 mole percent and still more specifically 
from 0 to about 20 mole percent. 

Likewise the molecular weight of the synthetic polymers of the present invention will 
largely depend on the specific application of the material and is not overly critical to the 

35 invention. The weight average molecular weight range can be from about 1 ,000 to about 

5,000,000. more specifically from about 10,000 to about 2,000,000 and sfill more specifically 
from about 20.000 to about 1 .000,000. Where these polymers are added for dry strength it is 
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important that the molecular weight of the polymer be low enough so as to not bridge between 
particles and cause flocculation, and yet high enough so as to retard migration of the polymer 
into the pores of the fibers. These materials can have weight average molecular weights in 
the range of from about 5,000 to about 2,000,000, more specifically from about 1 0,000 to 
5 about 1 .500,000 and still more specifically from about 20.000 to about 1 ,000,000. 



10 



Direct monomer incorporation. 

Incorporation of the amphiphilic moieties can be accomplished via copolymerization 
with vinyl type monomers containing amphiphilic groups. Almost any vinyl type monomer 
containing a pendant amphiphilic moiety can be co-polymerized with acrylamide or a similar 
vinyl monomer containing a pendant hydrogen-bonding moiety to be incorporated into the 
polymer backbone. Generically the synthesis can be described in Figure 7. 



15 



r RVAiC=C^ + s H2C=C^ 
Ro R4 



Af Ro 



R4 



t H2C=C^ + " H2C-C^ 
R5 



% t-CH2CfRr' ^ 

R5 



■^CH2CJR,""1d- 
Rl4 



Figure 7 

where: 

20 Ri, R;. Ri". Ri"'. Ri"" = H. Cm alkyi; 

a.b^ 1; 

c,d ^ 0; 

w ^ 1; 

r.s >1; 
25 t,u ^ 0; 

a*w = r; b*w = s; c*w = t; d*w = u; 

Ro = any group capable of forming hydrogen bonds. Preferred but not limited to are ■ 
CONH2, COOH, COO- including mixtures of said groups; 
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A, = H, COOH; 

R4 = an amphiphilic hydrocarbon radical; It may be an alkyi hydrocarbon radical with 
hydrophilic functionality such as -OH. or ethoxy or propoxy groups, or an aliphatic 
hydrocarbon radical with hydrophilic functionality. The hydrocarbons can be linear or 
5 branched, saturated or unsaturated, substituted or unsubstituted, with 2 or more 

hydrocarbons. 

R5 = Z2-R10-W, where: 

Z2 = Ar. CH2, C00-. CONH-, - - S - OSO2O-, any radical capable of bridging the R10 
10 group to the vinyl backbone portion of the molecule.Rio = any linear or branched, 

aliphatic or aromatic hydrocarbon of 2 or more carbons, preferably -(CH2CH2)-, - 

C(CH3)2CH2CH2*i 
W = -N+R„.R 

i2tRi3 1 where R^^, Ri2» R13 a C^^ alkyI group. 

15 R5 may also be the residue formed by co-polymerization with dimethyldiallyl ammonium 
chloride. In this case the residue will be the form of monomers with repeat units of structure 

HoC"CH"~"CH'"CH5"^ 

II 

H3C CH3 

Ri4 = a hydrophilic moiety, which is desirable for making the material into a fomri suitable for 
20 papermaking to compensate for any increased hydrophobicity that may be introduced 

via incorporation of the amphiphilic hydrocarbon moiety. 

A wide variety of ethyienically unsaturated vinyi monomers containing amphiphilic 
moieties are known in the art. Poly(ethylene glycol) and poIy(propylene glycol) based 

25 acrylates, methacryiates and derivatives including poly(ethylene glycol) acrylate, 

poly{propylene glycol) acrylate, poly(ethylene glycol) methacrylate, poly(propylene glycol) 
methacrytate, poly(ethylene glycol) mono-ether acrylates and methacryiates including methyl, 
butyl, hexyl, octyl, nonyl, decyl, dodecyl, tetradecyl, pentadecyl, hexadecyl. heptadecyt, 
octadecyl as well as the analogous poly(propylene glycol) derivatives and the like are known 

30 commercially available materials. Also known are the mono-aryl ether derivatives which 
include poly(ethylene glycol) 4-nonylphenyl ether acrylate, poly(ethylene glycol) phenyl ether 
acrylate. poly(ethylene glycol) 2,4,6-tris(1-phenylethyl)phenyl ether methacrylate and the like. 
Such monomers can easily be derived from the esterification of acrylic acid, methacrylic acid 
and the like with the poly(ethylene glycol) and poly{propylene) glycol and con'esponding 

35 mono ethers including but not limited to such materials as poly(ethylene glycol) mono butyl 
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ether, poly(ethylene glycol) mono octyl ether, poly(ethyiene glycol) mono decyl ether, 
poly(ethylene glycol) mono dodecyl ether, poly(ethylene glycol) mono iauryl ether, 
poly(ethylene glycol) mono octadecyl ether, the corresponding poly(propylene glycol) and 
mixed poly(propylene glycol) and poly(ethylene glycol) mono ether derivatives. 

5 Also known are the corresponding allyl ether derivatives of polyethylene glycol and 

polypropylene glycol. Such materials are generally synthesized from the reaction of an allyl 
halide and hydroxy compound in the presence of sodium hydroxide. Examples of such 
monomers include allyl polyethylene glycol, methallyl polyethylene glycol, methoxy allyl 
polyethylene glycol, butoxy allyl polyethylene glycol and the like. Such allyl ether materials 

10 generally conforming to the formula: 

CH2=CHR -R'-O-R" 
Where: 

R = H. alky! 

R' = polyethylene glycol, polypropylene glycol, or mixed polyethylene / polypropylene 
15 glycol radical 

R" = Ci - C30 alkyi or aryl radical 

They would be expected to Incorporate into any vinyl type polymer such as a PAM, 
PVA, etc. Evani, et al., US4.921,902 describes incorporation of such monomers into a non- 
ionic polyacrylamide backbone, such materials being found useful for mobility control and 

20 fracturing fluids in oil recovery operations. 

Other examples of amphiphilic monomers that would expected to be incorporated via 
this process include carboxybetaines and sulfobetaines as described by Samour in U.S. Pat. 
3,671,502. The copolymers of these materials with hydroxyalkyi acrylates were found to be^^ 
useful for binders in various applications. Additional examples include but are not limited to 

25 such materials as those described by Valint. et al.. in U.S. 5,177,165 and Robinson in U.S 
5,874,495. 

The aforementioned examples are not meant to limit the scope of the invention. 
Indeed any of the generic amphoteric materials described previously can be incorporated via 
the aforementioned copolymerization technique provided there is a single ethylenically 

30 unsaturated point within the amphoteric molecule. They would be incorporated directly into 
the polymer during the polymerization process as described in figure 7. When incorporated 
into the polymer in this manner the amphiphilic hydrocarbons are arranged in a pendant 
fashion off the polymer backbone. Polymisrs of the type shown in Figure 7. which maintain 
pendant unsubstituted amide functionality, may further be modified to produce materials 

35 exhibiting temporary wet strength as well as dry strength. Most notably this may be 

accomplished through reaction with glyoxal.' A specific reaction scheme is given in Figure 8.. 
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■tCH2CCH3i;7 




tCH2CH-j:HCHjir 
H2C^+,CH2 



H3C CH3 



0(PO)7(EtO)22(PO)7H 



+ H'^^ Giyoxal 
o 



w 



fCH2CHir 



PO = -(CH2CHCH30)- 
Et0=-(CH2CH2O)- 




-fCH2CCHrt^ 



Y 

0(PO)7(EtO)22{PO)7H 



tCH2CH-CHCH7j7- 



H2C^+^CH2 



Figure 8 
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It should be appreciated that several different polymeric structures are possible when 
synthesizing polymers in the aforementioned manner. Such characteristics can be tailored 
into the polymer depending on the synthesis pathway chosen. If the monomers are mixed 
concurrently a random A-B-A-B-A-B type copolymer will be formed. If the monomers are 
mixed consecutively AAAAA-BBBB-AAAAA-BBBB type block copolymers can be formed. The 
size of the individual blocks can be controlled through any of the means known in the art. 
Although not critical to the invention those skilled in the art will recognize the potential for 
different behaviors depending upon the specific structure of the copolymer. Where more than 
one co-monomer is used mixtures of random and block copolymers can be designed 
depending on the synthetic approach used. 



15 Derivitization of functional groups on the polvmer backbone. 

The second approach to synthesis of materials of this invention is to modify the 

functional groups on the polymer backbone. The vinyl type polymers, including the modified 

polyacrylamides, polyacrylic acid and polyvinyl alcohol contain functional groups that may be 

further derivatized to produce materials of Figure 4. The polymer functional groups which may 

20 be reacted upon include but are not limited to: amide, carboxyl, hydroxyl, cyano, and 
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aldehyde (from glyoxylation or similar reaction). The general scheme for such syntheses is 
shown in Figure 9. 



Z5-R6 . 

Figure 9 

6 

where: 

= H. Ci^alkyl; 
a,b> 1; 
c,d > 0; 

10 Qi = a monomer unit or a block or graft copolymer containing a pendant group capable of 
forming hydrogen or covalent bonds with cellulose. Preferred pendant groups for 
hydrogen bonding are — CONH2, —COO' *M, —OH and mixtures of said groups. 
Preferred pendant groups for covalent bonding are aldehydes and anhydrides. M+ 
can be any suitable counter ion including Na*, K*, Ca"^^ and the like; 

15 Q3 = a monomer unit or a block or graft copolymer containing a charge functionality. Such 
charge functionality is preferably cationic but may be anionic or amphoteric; 
Z4= -CONHCHOHCHO. -OHO, -CONH2, -COOH. -ON, -OH, -SH, -NH2, -R'OH, 

-R'CHO, -R'CONHs, -R'COOH. -R'CN, -R*OH, -R'SH. -R'NHa. -RS03H, -ROSO3H. or 
any other functional group capable of being reacted upon in a manner so as to 

20 incorporate the amphiphilic hydrocarbon moiety into the polymer and R' can be any 

bridging radical whose purpose is to attach the functional group to the polymer; and 
Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 
desirable for making the material into a fomri suitable for papermaking. Q4 may take 
the form of -Z2-Q4-Z2 - where Z2, Z2 are any bridging radicals, the same or different. 

25 whose purpose is to provide incorporation Into the polymer backbone and Q4 is as 

defined previously. Q4 may be incorporated to offset the increased polymer 
hydrophobicity caused by introduction of the aliphatic hydrocarbon moieties. 
Examples of suitable Q4 moieties are (but is not limited to) the aliphatic polyether 
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derivatives of the formula — {(CRiRgXOJy— Rg* wherin R,, R2 is H or CH3, x ^ 2, y ^ 2 
and R3 is any suitable terminal group including -CH3, -H, -C2H5, -NH2. 
Z5= HOOC-, CIOC-, H0-, HS-. -COOOC-, H2N-. HCO-, CISO2O-, XOC- (X = halo). CICOO- 
, or any other functional group capable of reaction with a Z4 type functional group so as 



R6= an amphiphilic hydrocarbon radical. 

If the end block functional groups (Z4 and/or Rq) is not reactive enough, further 
modification can be made prior to the incorporation of the amphiphilic moieties to ensure 
10 better yield. The general scheme for such modification is shown in Figure 10. 

Acylation of the Vinyl Polymer Backbone: 
—fCH2CH CHjCHij?-! CHjCff- CHCHj-fe 



5 



to attach the -R^ residue onto the polymer; 



o=c 



HN 

hIoh 




-fCHzCH^r-fCH^CHijr 



fCH2CH- CHCHyt 
H2C>^+ .CH2 





CI 



Figure 10 



15 Some specific examples of such reactions are given in Figures 11-12. 






Figure 11 
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where 

R = H, alkyi, aliphatic hydrocarbon, substituted or non-substituted, linear or branched or 
cyclic, C >,= 6 

-K:H2CH]5r-eCH2CH]y [CH2CH CHCHz]^ ^ RCO~OR'-OH 

HN ^ 



^NH2 H2C,+,CH2 

hIoH H3C'' CH3 CI 

/ 



o = c — CI 



-fCHzCH ]3r-f CH2CH ]y [ CH2CH CHCH2 

h|oh H3c" CH3 CI 



o =c^ 

O-RO-OCR 



5 



X, y, >,= 1 
z> = 0 



Figure 12 

where 

R = alkyI, aliphatic hydrocarbon, branched or linear or cyclic, substituted or non- 
substituted, with or without ethoxylation 
10 R'= ethoxylated all^yl or aliphatic hydrocarbon, branched or linear or cyclic, substituted or 
nonsubstituted. 



Block copolvmerization. 

15 RAM's containing block copolymers of polyethylene, polytetraflouroethylene. or any 

other linear or branched, saturated or unsaturated, substituted or non-substituted, 
hydrocarbon where such co-polymers are incorporated either as block copolymers as grafts 
onto the vinyl backbone. Note that since these polymers maintain pendant amide 
functionality they are capable of being glyoxylated to form materials possessing temporary wet 

20 strength. A general example of such materials is shown in Figure 13. 

^CRi'CRili 1 Q1b— eCH2CR3iH 

Ai Ro ^ 

Ri,R,',R3 = Cr4alkyl 
a,b >0 
c >,= 0 

Figure 13 
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where: 

Ro = any group capable of forming hydrogen or covalent bonds with cellulose. Preferred 
are -CONH2, COOH, C00-. -OH. -CONHCHOHCHO including mixtures of said 
5 groups; 
A, = H, COOH; 
Q = radical of form -Z-R2-Z-; 

R2 = a block or graft copolymer where the amphiphilic functionality is built in. It may be 
alky! hydrocarbons with hydrophilic (such as -OH, orethoxy groups) functionality, or 
10 aliphatic hydrocarbons with hydrophilic functionality. The hydrocarbons could be 

linear or branched, saturated or unsaturated, substituted or unsubstituted, with 4 or 
more hydrocarbons. 

Z = any bridging radical whose purpose is to provide incorporation into the polymer 
backbone; 
15 R5 = Z2-R10-W, where: 

Z2 = Ar, CH2, C00-, CONH-, - 0-, - S - OSO2O-, any radical capable of bridging the 

R^o group to the vinyl backbone portion of the molecule; 
Rio = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more carbons, 
preferably -(CH2CH2)-, -C(CH3)2CH2CH2-; 
20 W = -N+Rt-„Rt2.Ri3 whereRii, R12. R13 is a C^^ alkyi group. 

R5 may also be the residue fomned by co-polymerization with dimethyldiallyl 
ammonium chloride. In this case the residue will be the form of monomers with repeat units of 
structure 

^CH2--CH CH— CH2 



25 



H3C CH3 



It will be appreciated that the foregoing examples, given for purposes of Illustration, 
are not to be considered as limiting the scope of this invention, which is defined by the 
following claims and all equivalents thereto. 
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1 . A synthetic polymer containing one or more amphiphilic hydrocarbon moieties, said 
synthetic polymer having the following structure: 



--f-Qi-ia rOrt E Q3-iF-t Q4^T 



where: 
a, b > 0; 

c,d ^ 0 such that c+d > 0; 
1; 

10 Qi = a monomer unit or a block or graft copolymer containing a pendant group capable of 
forming hydrogen or covalent bonds with cellulose; 
Q2 = a block or graft copolymer containing the amphiphilic moiety 
Q3 = a monomer unit or a block or graft copolymer containing a charge functionality; and 
Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, which is 

15 desirable for making the material Into a form suitable for papermaking. 

2. The polymer of claim 1 wherein the pendant group on capable of fomning hydrogen or 
covalent bonds is selected from the group consisting of -CONH2, -COOH, -COO'M*, -OH, 
-CONHCHOHCHO and mixtures thereof, wherein M* is a counter ion. 

3. The polymer of claim 1 wherein Q2 is of the form -Zi-Qz-Z/- where Z,, Zi* are bridging 
radicals, which can be the same or different. 

4. The polymer of claim 1 wherein Q4 is of the form -Z2-Q4-Z2'- where Z2, Z2 are bridging 
radicals, which can be the same or different. 

5. The polymer of claim 1 wherein Q4 is a radical of the form —CHR1CR0R1— wherein Ro is 
an aliphatic poiyether derivative of the formula — [(CR2R2')xO]y— R3 

where: 

Ri,R;is-H,Ci^alkyl; 
5 R2, Rz'is-Hor-CHa; 

x>2; 
y > 2; and 

R3 is a terminal group selected from the group consisting of -CH3, -H, -C2H5, and 
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""CH^'CH'-^CH^'CHj 
I I 
H2C^^^CH2 

.\ 

6. The polymer of claim 1 wherein Q3 is 

7. The polymer of claim 1 wherein Q3 is a radical of the fomi — CHR^CRoRi' — wherein 

Ro = a pendant group of the forni Z1-R10-W. where Zi is a radical bonding the Rio 

group to the polymer; 
Ri , Ri' = H or a alkyi group; 

R10 - any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

i2>Ri3 where R^i, R121 R13 a C^^ alkyI group. 

8. The polymer of claim 7 wherein is selected from the group consisting of aryl, -CH2- 
, -COO-. -CONH-, - - S and - OSO2O-. 

9. The polymer of claim 7 wherein R,o is -(CH2CH2)- or -C(CH3)2CH2CH2-. 

10. The polymer of claim 1 wherein "c" is 0. 

1 1 . The polymer of claim 1 wherein "d" is 0. 

12. The poiymer of claim 1 wherein the pendant group on capable of forming hydrogen 
bonds is -CONH2. 

13. The polymer of claim 1 wherein the pendant group on Qi capable of forming covalent 
bonds is -CONHCHOHCHO. 

14. The poiymer of claim 1 wherein has -CONH2 and ^ONHCHOHCHO pendant 
groups. 

15. A synthetic polymer having a moiety capable of forming covalent or hydrogen bonds with 
cellulose and containing one or more amphiphillc hydrocarbon moieties, said polymer 
having the following structure: 

fpRip,1r-t-CH2CR2lb--f CH2CR3 Q4ldf 

where: 
w> 1; 

Ri.Ri'.R2. R3 ="H or alkyi; 
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a. b > 0; 

c,d >0 such that c+d > 0; 

Ro = a group capable of forming hydrogen or covalent bonds with cellulose; 
04= a nr^onomer unit or a block or graft copolymer containing a hydrophilic moiety; 

Ai= -H,-COOH; 

R4= a Zi - Rq radical, 
where: 

Zi = any radical capable of bonding the Rg group to the polymer; 

R6= a block or graft copolymer containing the amphlphilic hydrocarbon; 

Rs = ZrRio-W. 
where: 

Zi = any radical capable of bonding the Rio group to the polymer; 
Rio = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

W = -N*Rii.Ri2,Ri3 , where R^. R12, R13 are C^:^ alkyi groups. 

16. The polymer of claim 15 wherein R© is selected from the group consisting of - CONH2. - 
COOH, -COO'M*. -OH, -CONHCHOHCHO, and mixtures thereof, wherein M* is a counter 
ion. 

17. The polymer of claim 15 wherein O4 is of the form -Z2-O4-Z2- where Z2, Z2' are bridging 
radicals, which can be the same or different. 

18. The polymer of claim 15 wherein Z^ is selected from the group consisting of aryl, -CHj-, - 
COO-, -CONR -0-, -OSO2O-. -CONHCO-, and -CONHCHOHCHOO- . and where R* 
is H or Ci^alkyl. 

19. The polymer of claim 15 wherein Z, is selected from the group consisting of aryl, -CH2-. 
-C00-, -CONH-, -0-. -S-, and -OSO2O-. 

20. The polymer of claim 1 5 wherein R^o is -(CH2CH2)- or -C(CH3)2CH2CH2-. 

21. The polymer of claim 15 wherein A, is -H and Ro is -CONH2. 

22. The polymer of claim 15 wherein Is -H and Rq is -CONHCHOHCHO. 

23. The polymer of claim 15 wherein Ro consists of both -CONH2 and -CONHCHOHCHO 
groups. 
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10 



15 



10 



24. A synthetic polymer having a moiety capable of fomriing covalent or hydrogen bonds with 
cellulose and containing one or more amphiphilic hydrocarbon moieties, said polymer 
having the following: 



T<pRrC|Ri]a 



rCHjCRflT+CH^CH-CHCHJjTf Q4 ]7 



I 

R4 



I I 
H2CV ^CHj 



w 



H,C 



CH, 



where: 
1; 

Ri,R;.R2. R3 = H or Ci^alkyl; 
a. b > 0; 

c,d >0 such that c+d > 0; 

Ro = a group capable of fonning hydrogen or covalent bonds with cellulose: 

Q4 = a monomer unit or a blocl< or graft copolymer containing a hydrophiiic moiety; 

Ai = -H. -COOH; 

R4= a Zi - Re radical, 

where: 

Zi = any radical capable of bonding the Rg group to the polymer, 
R6= an amphiphilic hydrocarbon radical; 

25. A paper sheet comprising a synthetic polymer having a moiety capable of forming covalent 
or hydrogen bonds with cellulose and containing one or more amphiphilic hydrocarbon 
moieties, said polymer having the following structure: 



t-Qrib E Q3-ir-f Q4-ir 



where: 



a, b >0; 
c,d ^ 0; 
1; 

Qi = a monomer unit or a block or graft copolymer containing a pendant group 

capable of forming hydrogen or covalent bonds with cellulose; 
Q2 = a block or graft copolymer containing the amphiphilic hydrocarbon moiety; 
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Q3 = a monomer unit or a block or graft copolymer containing a charge functionality; 
and 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, 
which is desirable for making the material into a form suitable for papermaking. 

26. The paper sheet of claim 25 wherein the pendant group on Qi capable of forming 
hydrogen or covalent bonds is selected from the group consisting of -CONH2. -COOH, - 
COO-M\ -OH. -CONHCHOHCHO and mixtures thereof, wherein M* Is a counter ion. 

27. The paper sheet of claim 25 wherein Q2 is of the form -ZrQz-Z/- where Z„ 2/ are 
bridging radicals, which can be the same or different. 

28. The paper sheet of claim 25 wherein Q4 is of the form -Z2-Q4-Z2 - where Z2. Z2' are 
bridging radicals, which can be the same or different. 

29. The paper sheet of claim 25 wherein Q4 is a radical of the form -CHRtCRoRi*- wherein Rq 
is an aliphatic polyether derivative of the formula — [(CR2R2')xO]y — R3 

where: 

R^, Ri* is -H.Ci^alkyl; 
R2. R2 is -H or -CH3; 
x^2; 
y ^ 2; and 

R3 is a temninal group selected from the group consisting of -CH3, -H, -C2H5, and 
-NH2. 

— CH2-CH — CH-CH2 — 
II 
H2C^^^CH2 

30. The paper sheet of claim 25 wherein Q3 is 

31. The paper sheet of claim 25 wherein Q3 is a radical of the form— CHRiCRqRi— wherein: 

Ro = a pendant group of the fomfi Z1-R10-W where is a radical capable of 

bonding the R10 group to the polymer; 
Ri, Ri'= H ora Ci^alkyl group; 

R10 = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

W = -N+Rii,Ri2,Ri3 where R^, R12. R13 is a C,^ alkyi group. 

32. The paper sheet of claim 31 wherein Zi is selected from the group consisting of aryl, - 

CH2-, -C00-. -COrslH-. - 0-, - S and - OSO2O-. 
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33. The paper sheet of claim 31 wherein R^o is -(CH2CH2)- or -C{CH3)2CH2CH2-. 



34. The paper sheet of claim 25 wherein "c" is 0. 

35. The paper sheet of claim 25 wherein "d" is 0. 

36. The paper sheet of claim 25 wherein the pendant group on Qi capable of forming 
hydrogen bonds is -CONHj. 

37. The paper sheet of claim 25 wherein the pendant group on Qi capable of fomiing covalent 
bonds is -CONHCHOHCHO. 

38. The paper sheet of claim 25 wherein Q, has -CONH2 and -CONHCHOHCHO pendant 
groups. 

39. A paper sheet comprising a synthetic polymer having a moiety capable of forming covalent 
or hydrogen bonds with cellulose and containing one or more amphiphilic hydrocarbon 
moieties, said polymer having the following structure: 

4^prf Ri1r-f CH2p2iBr-tCH2CR3 fet Q4I3]- 

where: 

w^ 1; 

Ri.Ri',R2. R3 = H or Cm alkyi; 
a. b > 0; 
c,d >0; 

Ro = a group capable of forming hydrogen or covalent bonds with cellulose; 
04= a monomer unit or a block or graft copolymer containing a hydrophilic moiety; 
Ai = -H, -COOH; 
R4= a Zi - Rq radical, 
where: 

Zi = any radical capable of bonding the Re group to the polymer; 

Re= a block or graft copolymer containing the amphiphilic hydrocarison 
moiety.; 
R5= ZrRio-W. 
where: 

Zt = any radical capable of bonding the R^o group to the polymer; 
R^o = ariy linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

W = "-N*Rii.Ri2,Ri3 . where Rn, R12, R13 are Ci^ alkyI groups. 
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40. The paper sheet of claim 39 wherein Ro is selected from the group consisting of 
CONH2. -COOH. -COO'M*. -OH, -CONHCHOHCHO, and mixtures thereof, wherein is 
a counter ion. 

41 . The paper sheet of claim 39 wherein Q4 is of the form -Z2-Q4-Z2 - where Z2. Z2 are 
bridging radicals, which can be the same or different. 

42. The paper sheet of claim 39 wherein Z^ is selected from the group consisting of aryl, 
CH2-, -C00-, -CONRX -S-, -OSO2O-, -CONHCO-, and -CONHCHOHCHOO- , and 
whereR'isHorCi^alkyl. 

43. The paper sheet of claim 39 wherein Zy is selected from the group consisting of aryl. - 
CH2-, -COO-. -CONH-. -0-. "S-, and -OSO2O-. 

44. The paper sheet of claim 39 wherein Rio is -(CH2CH2)- or -C(CH3)2CH2CH2-. 

45. The paper sheet of claim 39 wherein Ai is -H and Rq is -CONHg. 

46. The paper sheet of claim 39 wherein is -H and Ro is -CONHCHOHCHO. 

47. The paper sheet of claim 39 wherein Ro consists of both -CONH2 and 
CONHCHOHCHO groups . 

48. A paper sheet comprising a synthetic polymer having a moiety capable of forming covalent 
or hydrogen bonds with cellulose and containing one or more amphiphilic hydrocarbon 
moieties, said polymer having the following structure: 




H3C CH3 



where: 

iv^ 1; 

Ri.Ri*,R2. R3 = H or Ci^alkyl; 
a, b>0; 
c.d ^0 

Rq = a group capable of fonming hydrogen or covalent bonds with cellulose; 
04= a monomer unit or a block or graft copolymer containing a hydrophilic moiety; 
Ai = -H, -COOH; 
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R4= a Zi - Re radical, 
where: 

Zi = any radical capable of bonding the Rg group to the polynner; 
R6= a block or graft copolymer containing the siloxane bonds (-Si-0-); 

49. A method of making a paper sheet comprising the steps of: (a) fomriing an aqueous 

suspension of papermaking fibers; (b) depositing the aqueous suspension of papemnaWng 
fibers onto a forming fabric to fomi a web; and (c) dewatering and drying the web to fomi a 
paper sheet, wherein a synthetic polymer is added to the aqueous suspension of fibers 
and/or the web. said polymer having the following structure: 



-^Qi-t TQrlb 1 Q3-ir+ Q4"iT 



w 



where: 

a, b > 0; 
c,d >0; 
w> 1; 

Qi = a monomer unit or a block or graft copolymer containing a pendant group 
capable of forming hydrogen or covalent bonds with cellulose; 

Qj = a block or graft copolymer containing the amphiphilic hydrocarbon moiety; 

Q3 = a monomer unit or a block or graft copolymer containing a charge functionality; 
and 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety, 
which is desirable for making the material into a form suitable for papermaking. 

50. The method of claim 49 wherein the pendant group on capable of fonming hydrogen or 
covalent bonds is selected from the group consisting of -CONH2, -COOH, -COQ-M*. -OH, 
-CONHCHOHCHO and mixtures thereof, wherein M* is a counter ion. 

51 . The method of claim 49 wherein Q2 is of the form -ZrQ2-Zi'- where Z^, Z/ are bridging 
radicals, which can be the same or different. 

52. The method of claim 49 wherein Q4 is of the form -Z2-Q4-Z2'- where Zj, Z2' are bridging 
radicals, which can be the same or different. 

53. The method of claim 49 wherein Q4 is a radical of the fomn — CHR1CR0R1' — wherein Ro is 
an aliphatic polyether derivative of the fomiula — I(CR2R2 )x01y — R3 
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where: 

R,. Ri'is-H.Ci^alkyl; 
R2, Rz is -H or -CH3; 
X ^ 2; 
y ^ 2; and 

R3 is a terminal group selected from the group consisting of -CH3, -H, -CjHs, and 

C Ho CH ~" C H " C Ho 

I I 

54. The method of claim 49 wherein Q3 Is '^3^ 

55. The method of claim 49 wherein Q3 Is a radical of the fonm —CHR1CR0R1'— wherein 

Ro = pendant group of the fomn Zi-R,o-W, where Z-, Is a radical capable of bonding 

the R,o group to the polymer; 
Ri,Ri'= H or a CMalkyI group; 

Rio = any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

W = -N+Ri„Ri2.Ri3 where R,„ R12, R13 is a C,^ alkyi group. 

56. The method of claim 55 wherein Z, is selected from the group consisting of aryl, -CH2-. 
-C00-, -CONH-, -0-,-S -, and - OSO2O-. 

57. The method of claim 55 wherein R,o is -(CH2CH2)- or -C(CH3)2CH2CH2-. 

58. The method of claim 49 wherein "c" Is 0. 

59. The method of claim 49 wherein 'd° Is 0. 

60. The method of claim 49 wherein the pendant group on Q, capable of fomnlng hydrogen 
bonds Is -CONH2. 

61. The method of claim 49 wherein the pendant group on Q, capable of fonning covalent 
bonds is-CONHCHOHCHO. 

62. The method of claim 49 wherein Q, has -CONH2 and -CONHCHOHCHO pendant 
groups. 

63. A method of making a paper sheet comprising the steps of: (a) fomiing an aqueous 
suspension of papennaklng fibers; (b) depositing the aqueous suspension of papemnaking 
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fibers onto a forming fabric to form a web; and (c) dewatering and drying the web to form 
paper sheet, wherein a synthetic polymer is added to the aqueous suspension of fibers 
and/or the web, said polymer having the following structure: 



where: 
w> 1; 

Ri,Ri',R2i R3 = H or Ci^alkyl; 
a. b > 0; 
c,d ^0; 

Ro = a group capable of forming hydrogen or covalent bonds with cellulose; 

Q4 = a monomer unit or a block or graft copolymer containing a hydrophilic moiety; 

Ai = -H. -COOH; 

R4= a Z, - Re radical. 

where: 

Zi = any radical capable of bonding the Rq group to the polymer; 

R6= a block or graft copolymer containing the amphiphilic hydrocarbon 



64. The method of claim 63 wherein Ro is selected from the group consisting of 

CONH2, -COOH, -COO-M*, -OH, -CONHCHOHCHO. and mixtures thereof, wherein IVI* is 
a counter ion. 

65. The method of claim 63 wherein Q4 is of the fonn -Z2-Q4-Z2'- where Z2, Z2' are bridging 
radicals, which can be the same or different. 

66. The method of claim 63 wherein Z^ is selected from the group consisting of aryl, -CHz- 
-C00-, -CONRX -0-. -S-. -OSO2O-, -CONHCO-, and -CONHCHOHCHOO- . and where 
R* isHor Ci^alkyl. 

67. The method of claim 63 wherein Zi is selected from the group consisting of aryl, -CH2-, 
-COO-. -CONH-, -0-. -S-, and -OSO2O-. 
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any radical capable of bonding the R^o group to the polymer; 
any linear or branched, aliphatic or aromatic hydrocarbon of 2 or more 
carbons; and 

-N*Rn,Ri2.Ri3 . where R^, R12. R13 are alky! groups. 
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68. The method of claim 63 wherein Rio is -(CH2CH2)- or -C(CH3)2CH2CH2-. 



69. The method of claim 63 wherein is -H and Ro is -CONH2. 

70. The method of claim 63 wherein Ai is -H and Ro is -CONHCHOHCHO. 

71 . The method of claim 63 wherein Rq consists of both -CONH2 and 
CONHCHOHCHO groups . 

72. A method of making a paper sheet comprising the steps of: (a) fomning an aqueous 
suspension of papermaking fibers; (b) depositing the aqueous suspension of papemnaking 
fibers onto a fomning fabric to fomri a web; and (c) dewatering and drying the web to form a 
paper sheet, wherein a synthetic polymer is added to the aqueous suspension of fibers 

5 and/or the web. said polymer having the following structure: 

" A, R, R4 H2C^ ^CH2 J ^ 

where: 
w>1; 

R„Ri',R2, R3 = H or Ci^alkyl; 
10 a, b>0; 
c.d ^0; 

Ro = a group capable of fonning hydrogen or covalent bonds with cellulose; 
04= a monomer unit or a block or graft copolymer containing a hydrophllic moiety; 
Ai = -H, -COOH; 
15 R4= a Zi - Re radical, 
where: 

Zi = any radical capable of bonding the Rg group to the polymer; 

Re= a block or graft copolymer containing the amphiphilic hydrocarbon moiety; 



39 



in 1 ILKl^ A I lUn AJU dlLAKUtl KJLr.UK 1 



In atlonaJ AppU cation No 

PCT/US 00/01617 



A. CLASSIRCATION OF SUBJECT MATTER , , , 

IPC 7 C08F220/26 C08F226/04 C08F220/56 D21H17/33 C08F8/00 



Acoording to Intemationai Patent Claastficatton (IPC) or to both national daadflcation and IPC 



a FIELDS SEARCHED 



Minimum dooumentatksn oeanched (daaslficatlon ayatem fbUowed olaaalflcatlon aymbob) 

IPC 7 C08F D21H 



Documantation aaarched other ttian minimum dociimentation to the extent that auch documents are indudad In the fields aearched 



Bectronlc data baae oonaulted during the Intemational aearoh (name of data t>aae and, where practical, search tamia uaed) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, with indication, where appropriate, of the relevant paaaagee 



Relevant to daim No. 



us 4 728 696 A (VAN PHUNG KIEN ET AL) 
1 March 1988 (1988-03-01) 
example 2 

US 5 320 711 A (DAUPLAISE DAVID L ET AL) 

14 June 1994 (1994-06-14) 
examples 

US 5 651 861 A (LARSON ERIC HEATH ET AL) 
29 July 1997 (1997-07-29) 
claims 

WO 98 45530 A (RHODIA) 

15 October 1998 (1998-10-15) 



1-23 



1-72 



1-72 



1-72 



□ 



Further documenta are Dated in the continuation of box C. 



Patent famiiy membera are listed in annex. 



* Special categodea of cited documents : 

'A* document defining the general fitate of the ait which la not 

oonaldeied to be of paitioutar relevance 
*E* eariier document but pubflahed on or after the intemational 
fiDng date 

V document which may throw doubts on priority ciaim(s) or 
which ia dted to eetabiiah the publication date of another 
dtation or oth^" special reason (aa specified) 
'O* document rsferrirtg to an oral dacioaure, use, exhibition or 
other nteans 

'P* document pubKahed prior to the international filing date but 
later than the priority date dalmed 



T later document published after the intemational filing date 
or priority date and not in conflict with the appOcatlon but 
dted to underatarxl the prindple or theory urkferiyir)g the 
invention 

'X' document of partlcuiar relevance; the claimed invention 
cannol be oonaldarsd novel or cannot be oonaldered to 
bivolveanlnventh«8tepwhenthedooumerrtl8 takenalona 

*Y* document of particular relevance; the claimed Invention 
cannot be conaiderBd to Involve an inventive step when the 
document ia combined with one or more other such docu- 
menta. such combination being obvloua to a peraon aidlled 
In the art 

'&* document member of the same patent famQy 



Date of the actual completion of the intemational search 



24 May 2000 



Date of malBng of the intemational search report 



06/06/2000 



Name and maOlng address of the ISA 

European Patent Office. P.B. 561 6 Patentiaan 2 
NL-2280HVRIi8WiJK 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (431-70)340-3016 



Authorized officer 



Polllo, H 



Form PCTitSAiQIO (eeoond ehoet) (July 1992) 



Intomimioh on paftMittamlly member* 


li. atlonaJ Applleatlon No 

PCT/US 00/01617 


Patent document 
clted^in^eeafch u^)ort 


Pubiicalfon 


Patent family 
.momb^rits) 


Publication 
V date 



us 4728696 A 01-03-1988 NONE 



US 5320711 A 14-06-1994 US 4954538 A 04-09-1990 

US 5041503 A 20-08-1991 



US 5651861 



29-07-1997 



AU 


7637896 A 


14-07-1997 


BR 


9612665 A 


03-11-1999 


CA 


2240959 A 


26-06-1997 


CZ 


9801928 A 


13-01-1999 


EP 


0868561 A 


07-10-1998 


WO 


9722751 A 


26-06-1997 


NO 


982814 A 


17-08^1998'^ 


PL 


327316 A 


07-12-1998 


SK 


85298 A 


11-06-1999 



WO 9845530 A 15-10-1998 AU 6898598 A 30-10-1998 



Fbim PCT/ISA/210 (pstent (amOy annex) (July 1992) 



(USPTO) 



